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Abstract 

To quantitatively evaluate severity of behavioral and psychological symptoms of dementia (BPSD) for vascular 
dementia (VD). Changes of 51 patients with VD in BPSD between the first and 24th week were assessed using the 
Neuropsychiatric Inventory (NPI) and the behavioral pathology in Alzheimer's disease (BEHAVE-AD) rating scale, in 
detrended fluctuation analysis (DFA) represented by diurnal activity (DA), evening activity (EA), and nocturnal 
activity (NA), and the relationships were analyzed. The subscores of activity disturbances, diurnal rhythm 
disturbances, and anxieties and phobias in the BEHAVE-AD score, and that of agitation, irritability, and sleep 
disorder in the NPI score were significantly increased compared with the first week, as was for the changes for EA 
in the DFA value. A linear correlation was observed between the changes of activity disturbances plus anxieties and 
phobias, and those of DA, and between the development of diurnal rhythm and those of EA, the vehement and 
autism scores and those of DA, and the difference in sleep disorder scores and those of EA, respectively. Analysis of 
DA, NA, and EA may reflect the fluctuational degrees of VD-BPSD, can provide a useful assessment of VD-BPSD 
accompanied by clinical scores for VD. 

Keywords: Vascular dementia, Behavioral and psychological symptoms of dementia, Rating scale of the behavioral 
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Introduction 

With aging populations, the prevalence of dementia will 
continue to rise in the coming decades [1,2]. Vascular 
dementia (VD) is associated with the presence of athero- 
sclerosis and this association applies to subjects clinically 
diagnosed with vascular-type dementia as well as those 
with Alzheimer's disease (AD) [3]. The behavioral and 
psychological symptoms of dementia (BPSD), such as 
agitation, aggressive behavior, day-night rhythm distur- 
bances, mood alterations, and hallucinations are among 
the most prominent clinical features seen during the late 
course of dementia such as AD or VD. Of all these 
symptoms, agitation places a particular burden on pro- 
fessional caregivers and family members during home 
care [3,4]. The behavioral pathology in Alzheimer's dis- 
ease (BEHAVE-AD) rating scale [5] is frequently used to 
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monitor BPSD, however, these BEHAVE-AD assessments 
are subjective and place great demands on the personnel 
resources of the hospital. The Neuropsychiatric Inventory 
(NPI) [6] is scored through a semi-structured interview by 
a clinician or researcher with a caregiver of the person 
with dementia, and it can be administered and scored as a 
10-item (excluding sleep and vegetative symptoms) or a 12- 
item instrument (including both). The clinical scores may 
not adequately reflect the fluctuations of physical activities 
and disease severity [7]. Recently, by using a method to 
analyze physical activity recorded by actigraph, Pan, et al. 
[7-9] have quantitatively evaluated the severity of motor 
fluctuation and sleep disorders in patients with Parkinson- 
ism. Previous studies examined the psychiatric symptoms 
associated with actigraph in subjects with dementia or 
other psychiatric disorders [10-12]. Wrist actigraph is a 
rater-independent method for obtaining data on motor ac- 
tivity and has been shown to be a valid means of measuring 
agitation and sleep-wake rhythms in patients order patients 
[13-15]. Moreover, it is a particularly attractive instrument 



o 



© 2013 Pan et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative 
BlOlVICCl Central Commons Attribution License (httpZ/creativecomn ons.org/lii :ns< which perm ts unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 



Pan et al. Translational Neurodegeneration 2013, 2:9 
http://www.translationalneurodegeneration.eom/content/2/1/9 



Page 2 of 7 



in clinical care, as it causes minimal distress to the patient. 
Thus, the aims of the present study were to assess the 
probability of changes in analytical parameters, such as the 
detrended fluctuation analysis (DFA) values of diurnal 
activity (DA), evening activity (EA), and nocturnal activity 
(NA) using this quantitative device, and to compare these 
values with the clinical scores of BEHAVE -AD and the NPI 
to obtain a pilot, objective scale representing severity of 
VD-BPSD. 

Methods 

Subject inclusion 

Subjects with Mini-Mental State Examination (MMSE) 
scores between 10-24 and satisfying the fourth edition 
of the Diagnostic and Statistical Manual of Mental 
Disorders DSM-IV-TR Fourth Edition (DSM-IV) for de- 
mentia from June 2009 to December 2011 at the Depart- 
ment of Neurology of Shuguang Hospital Affiliated to 
Shanghai University of TCM were recruited into the 
study. We examined 138 patients who had been diagnosed 
with AD, mild cognitive impairment, frontal-temporal de- 
mentia, Parkinsonism-dementia, or Lewy body dementia. 
After excluding 12 patients suffering primarily from brain- 
stem infarction, whose inferior activity would influence 
the evaluation, only 56 patients who suffered from VD 
(mean age ± SD, 60.2 ± 9.7 years old, mean duration of ill- 
ness, 6.9 ± 5.2 years) were found to be suitable for this re- 
search. The diagnosis was multi-infarct dementia in 26 
and subcortical vascular dementia in 30: these 56 study 
subjects satisfied the criteria for probable VD in accord- 
ance with the NINDS-AIREN criteria [16]. We did not 
include patients with white matter lesions, caused by spe- 
cific etiologies, such as multiple sclerosis, brain irradiation, 
collagen vascular disease, and genetic forms of vascular 
dementia (such as CADASIL or CARASIL), or patients 
who showed signs of normal pressure hydrocephalus, 
previous brain tumors, or a previous diagnosis of major 
stroke or brain haemorrhage. Patients with a previous 



major psychiatric illness such as schizophrenia, bipolar 
disorder, psychosis, or compulsive-obsessive disorder, a cen- 
tral nervous system disorder, or alcoholism were also ex- 
cluded. The study was approved by The Ethics Committee 
of Shuguang Hospital Affiliated to Shanghai University of 
TCM, and was performed under the principles outlined in 
the Declaration of Helsinki. 

Drug administration 

Anti-dementia drugs were administered as described in 
Table 1. Patients were instructed to add or change anti- 
dementia drugs for at least 2 weeks (mean ± SD, 15.6 ± 7.5), 
and they were then evaluated again. They were not treated 
by any complementary and/or alternative treatments 
such as traditional Chinese medicine, Tai Chi exercise, 
or acupuncture. 

Assessments 

BEHAVE-AD [5]: BEHAVE-AD is the most widely used 
instrument for the evaluation of dementia-related behav- 
ioral changes. It addresses delusions, hallucinations, activity 
disturbances, aggressiveness, diurnal rhythm disturbances, 
affective disturbances, and anxieties and phobias. The 
BEHAVE-AD scores of all patients were evaluated on the 
day before the actigraph recordings in the series time win- 
dows (6 weeks each) during the 24-week follow-up by the 
same neurologists. 

The Neuropsychiatric Inventory (NPI) [6]: NPI was 
used to assess 10 behavioral disturbances occurring in 
patients: delusions, hallucinations, dysphoria, anxiety, 
agitation/aggression, euphoria, disinhibition, irritability/ 
ability, apathy, and aberrant motor activity. The NPI 
scores were assessed based on information from the pa- 
tients or caregivers using the same time windows as 
when evaluating BEHAVE-AD. 

Analysis of actigraphy: All patients wore a small 
watch-type activity monitor equipped with a computer 
(MicroMini-Motionlogger, Ambulatory Monitoring, Inc, 



Table 1 Background characteristics of the patients with vascular dementia (VD) (X ± s) 


Characteristic 


Number 


1 st week 




24th week 


Age (years) 






60.2 ± 9.7 




Sex (M/F) 






39/17 




Duration of VD (years) 






6.9 ± 5.2 




MMSE 




12.1 ±1.7 




1 0.9 ± 1.6 


Huperzine A (ug/d) 


n = 24 


323.30 ± 173.9 




358.30 ± 191.4 


Aniracetam (mg/d) 


n = 26 


489.6 ± 1 79.3 




506.6 ± 1 08.7 


Memantine Hydrochloride (mg/d) 


n = 30 


6.67 ± 5.38 




6.98 ± 4.47 


Donepezil Hydrochloride (mg/d) 


n = 16 


8.21 ±3.76 




9.33 ± 6.94 


Rivastigmine (mg/d) 


n = 13 


3.33 ± 1 .66 




3.75 ±1.66 


Galantamine Reminyl (mg/d) 


n = 16 


25.65 ± 22.36 




26.82 ±22.91 



MMSE indicates Mini-mental state examination. Cognitive function drug administration: 1 class of drug 73.2%; 2 classes 23.6%; 3 classes 3.1 
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Figure 1 The changes of behavioral and psychological symptoms and physical activity parameters of VD patients for patients with 
vascular dementia. Changes in each subscore for BEHAVE-AD (A) and NPI (B), and changes in diurnal activity (DA), evening activity (EA), and 
nocturnal activity (NA) (C) in the analysis of actigraph recordings between first week and 24th week in patients with vascular dementia. * p<0.05, 
compared with first week. BEHAVE-AD: rating scale of the behavioral pathology in Alzheimer's disease; NPI: Neuropsychiatric Inventory 



Ardsley, New York) on the wrist of their non-dominant 
hand for 7 consecutive days in the series time windows 
(6 weeks each) during the 24-week follow-up. Data ac- 
quired during the diurnal activity (DA, between 6 a.m. 
and 6 p.m.), evening activity (EA, between 6 p.m. and 
9 p.m.) and nocturnal activity (NA, between 9 a.m. and 
6 a.m.) periods were used in the analyses. Discontinuous 
data were combined using an integrative method [7], and 
then analyzed by detrended fluctuation analysis (DFA), 
which evaluates the correlations between time scales and 
magnitudes of fluctuation (standard deviations) within each 
time scale [17,18]. More correlated signals represent a 
greater growth of the fluctuation magnitude with increasing 
time scale or length of data windows [7]. 

Statistical analysis 

The changes in BEHAVE-AD scores (including subscores), 
NPI scores (including subscores) and each DFA value (a) 
following the series time windows (for each 6 weeks) were 
compared with baseline (first week) using the Wilcoxon 
signed rank test. Pearsons bivariate correlations were used 
to test the correlation between the changes in the BE- 
HAVE scores and the DFA values, NPI scores, and DFA 
values, respectively. A significant difference was defined as 
P <0.05. SPSS Windows Version 17.0 was used for statis- 
tical analyses. All data are expressed as the mean ± stand- 
ard deviation. 

Results 

Five patients with VD (4 males, 1 female) dropped out of 
the study: 4 patients reported being inconvenienced by 
the actigraph (n = 3) or a negative effect on sleep (n = 1) 
when wearing the actigraph on their non-dominant wrists 
and refused to continue the research; the remaining pa- 
tient destroyed the equipment twice and refused to wear 
it, and thus was withdrawn from the study, 51 patients 
completed this study. 

By the end of the 24-week follow-up period, all pa- 
tients with VD appeared to exhibit increased BEHAVE- 
AD total and NPI total scores compared with baseline, 
although no statistically significant differences were ob- 
served (p = 0.82 and 0.79, respectively). Significant and 
persistent increases compared with baseline were found 
in the BEHAVE-AD subscores of activity disturbances, 
diurnal rhythm disturbances, and anxieties and phobias, 
and in the NPI subscores of agitation, ignitability, and 
sleep disturbance (Figure 1A, B and Table 2). The a of 
the DFA values of NA but not DA and EA had increased 



significantly by the end of 24 weeks compared with base- 
line (p = 0.037, 0.051 and 0.052, Figure 1C and Table 2). 

Low correlation coefficients were found between the 
changes in total BEHAVE-AD score and changes in DA, 
EA and NA of a values (r = 0.438, 0.367 and 0.479; p = 
0.816, 0.521 and 0.673), and the changes in NPI total 
scores and the changes in DA, EA and NA of a values 
(r = 0.389, 0.472 and 0.318; p = 0.82, 0.809 and 0.67). A 
linear correlation coefficient of 0.674 (p = 0.03) between 
the changes in activity disturbances score plus anxieties 
and phobias scores of BEHAVE-AD and the changes in 
DA of a values, and a linear correlation coefficient of 

Table 2 Behavioral and psychological symptoms and 
physical activity parameters of VD patients (x ± s) 

Parameter Time 



1 st week 



24th week 



BEHAVE-AD 

Paranoid and delusion ideation 3.05 ±0.38 3.26 ±0.36 

Hallucinations 3.82 ±0.52 3.95 ±0.61 

Activity disturbances 6.55 ±0.68 7.34 ±0.71* 

Aggressiveness 5.06 ±0.30 5.1 2 ±0.29 

Diurnal rhythm disturbances 2.81 ±0.33 3.45 ±0.42* 

Affective disturbances 3.05 ±0.43 3.28 ±0.35 

Anxieties and phobias 2.27 ±0.35 3.1 9 ±0.38* 
NPI Mean score 

Delusions 1.55 ±0.69 1.83 ±0.56 

Hallucinations 1.30 ±0.51 1.58 ±0.47 

Agitation 5.55 ± 0.90 7.48 ± 0.88* 

Depression 4.21 ±0.81 4.29±0.36 

Anxiety 2.32 ±0.81 2.44 ±0.91 

Euphoria 3.75 ±0.65 3.82 ±0.76 

Apathy 3.33 ±0.71 3.09 ±0.80 

Disinhibition 2.75 ±0.68 2.91 ±0.77 

Ignitability 3.25 ±0.92 5.1 7 ±0.83* 

Aberrant motor behavior 4.25 ± 0.69 4.38 ± 0.66 

Sleep disturbance 5.32 ±0.83 6.05 ±0.69* 

Appetite 4.08 ±0.57 4.38 ±0.61 
DFA of actigraph activity 

Diurnal activity 0.82 ±0.17 0.86±0.14 

Even i ng activity 0.87 ± 0. 1 3 0.90 + 0.1 1 

Nocturnal activity 0.93±0.16 1.03 ±0.16* 



Data presented are mean ± SD, * p < 0.05, 
Wilcoxon signed rank test. 



compared with first week by 
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0.721 (p = 0.042) between the changes in diurnal rhythm 
disturbance subscores of BEHAVE-AD and the changes 
in NA of a values were observed. Linear correlation co- 
efficients were also observed between the changes in agi- 
tation plus irritability subscores of the NPI score and the 
changes in DA of a values (r = 0.668, p = 0.043, Figure 2A 
and B), and the changes in sleep disturbances subscore 
and the changes in NA of a values (r = 0.809, p = 0.022, 
Figure 2C and D). 

Discussion 

The severities of some neurological and psychological 
diseases can now be quantitatively and objectively evalu- 
ated using modified analysis of actigraphic recordings 
[12-15,17-21]. Actigraphic methods might be highly spe- 
cific and highly sensitive methods for analyzing move- 
ment disorders and non-motor disturbances associated 
with Parkinson's disease [22]. Actigraphs are useful for 
evaluating the severity of various neurological diseases 



by analytical quantitative methods, and even for evaluat- 
ing the effects of medications [23]. 

Honma et al. [24] evaluated the severity of biorhythm 
fluctuations in demented patients with delirium using 
law activity patterns, and attempted to develop a method 
that can help predict a prognosis or therapeutic deci- 
sions for such patients. Rochelle et al. [25] compared the 
effects of melatonin on sleep disorders using actigraphic 
recordings, Sleep Disorders Inventory (SDI), and sleep 
behavior and sleep quality ratings (SQR). They found the 
actigraphic sleep patterns showed a linear correlation 
with melatonin, although the correlation was lower than 
the SDI scores and sleep behaviors and SQR, and sug- 
gested the lower sensitivity of the actigraphic assessment 
might be caused by the limited number of subjects and 
the shorter study period. 

Because most healthy controls exhibited no changes in 
activities or DFA scores in the 54 w records, while age- 
matched patients with PD demonstrated significant 
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changes compared with before (Weidong P, unpublished 
observation, Tokyo University, Japan), we did not use a 
control group for comparison in this study. We studied 
VD patients for 24 weeks with modifying their treat- 
ments or doses of dementia medications. The BEHAVE - 
AD total scores and NPI total scores at the end of the 
study (after 24 weeks) were only slightly different to 
those at baseline, although some subscores, such as sleep 
patterns, had changed markedly compared with their 
baselines (Figure 1 and Table 2). Not only the sleep pat- 
terns of BEHAVE-AD and NPI but also the activity pat- 
terns of DFA from actigraph recordings demonstrated 
fluctuations at the end of 24 weeks compared with the 
baseline, and the correlations between them were high 
(Figure 2B and C). The results showed that the DFA 
patterns from actigraph may be useful for evaluating the 
severity of sleep disturbance, which is one symptom in- 
cluded in VD-BPSD, because values similar to those of 
clinical patterns were observed. Some of the degrees of 
change in clinical patterns of BEHAVE-AD and NPI 
were the same as the degrees of change in DFA patterns 
(Figure 2A and C). Evaluation of the changes in DFA 
values may represent a more quantitative and accurate 
method for assessing the disease severity or effects of 
dementia medications in conjunction with the clinical 
patterns. 

Although the present findings revealed similar trends 
for DFA values from actigraph and the clinical patterns 
for VD-BPSD, there were no significant differences in 
some patterns because of the limited number of patients 
and the short study period (24 weeks). Moreover, al- 
though DFA parameters partially reflect the severity of 
VD-BPSD, it is essentially not evaluated using body 
movements. If a patient has movement disorders, such 
as tremors, the patterns might be markedly influenced 
[7]. The DFA method showed rough function to remove 
same frequency activities, but it is still unsatisfactory 
and a special assessment method may be needed to pro- 
vide a more accurate method for the quantitative evalu- 
ation of VD-BPSD. On the other hand, the size of the 
actigraph may be bothersome to subjects who are very 
small, however, few dementia patients have repeatedly 
destroyed the equipment. The dependency of research 
and safety of the patient wearing an actigraph should be 
further studied and discussed. 

In conclusion, the present preliminary data have repli- 
cated the previous finding that DFA, which determines 
the deviations in 3 parameters (DA, EA and NA) obtained 
by actigraph recordings, can be quantitatively used for 
assessing the severity of VD-BPSD in patients suffering 
from VD. The small sample size and single-blinded design 
are limitations of our pilot study. In addition, normative 
data for both healthy elderly and BPSD patients need to 
be established. Actigraph may be feasible and useful when 



predicting a prognosis or making therapeutic decisions for 
patients with VD-BPSD. 

Abbreviations 

VD: Vascular dementia: BPSD: Behavioral and psychological symptoms of 
dementia; NPI: Neuropsychiatric Inventory; BEHAVE-AD: Behavioral pathology 
in Alzheimer's disease; DFA: Detrended fluctuation analysis. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

W-DP, participated in the entire study, formulated the study concept and 
design, provided statistical expertise and assisted with drafting of the 
manuscript; SY, participated in the entire study, assisted with concept and 
design, and drafting of the manuscript; QL, participated part of content, data 
compilation; C-LW, participated part of content, data compilation. JW, 
participated part of content, critical reversion of the manuscript for 
important intellectual content. JZ, participated part of content, data 
compilation. D-FC, participated in the part study, formulated the study 
concept and design, provided statistical expertise and assisted with drafting 
of the manuscript. All authors read and approved the final manuscript. 

Acknowledgments 

This study was sponsored by the Shanghai Pujiang Program of the Science 
and Technology Commission of Shanghai Municipality (09PJ 1409300), and 
the Three- Year Developmental Plan Project for Traditional Chinese Medicine 
(major research) of the Shanghai Municipal Health Bureau (ZYSNXD-CC- 
ZDYJ028). 

Author details 

1 Department of Neurology, Shuguang Hospital Affiliated to Shanghai 
University of TCM, 185, Pu-An Road, Shanghai 200021, China, department of 
Neurology, Kansai University Clinic, Kansai University of Health Sciences, 
1-11-2 Wakaba, Kumatori-Cho, Sennan-Gun, Osaka 590-0482, Japan, 
department of Cardiology, Shuguang Hospital Affiliated to Shanghai 
University of TCM, 185, Pu-An Road, Shanghai 200021, China, laboratory of 
Neurology, Institute of Integrative Medicine, Zhongshan Hospital, Fudan 
University, 180, Fenglin Road, Shanghai 200032, China. 

Received: 29 January 2013 Accepted: 19 April 2013 
Published: 22 April 2013 

References 

1. Waldemar G, Dubois B, Emre M, Georges J, McKeith IG, Rossor M, Scheltens 
P, Tariska P, Winblad B: EFNS: Recommendations for the diagnosis and 
management of Alzheimer's disease and other disorders associated with 
dementia: EFNS guideline. Eur J Neurol 2007, 14:e1-26. 

2. Skjerve A, Holsten F, Aarsland D, Bjorvatn B, Nygaard HA, Johansen IM: 
Improvement in behavioral symptoms and advance of activity 
acrophase after short-term bright light treatment in severe dementia. 
Psychiatry Clin Neurosci 2004, 58:343-7. 

3. Matsuda 0, Saito M, Sugishita M: Cognitive deficits of mild dementia: A 
comparison between dementia of the Alzheimer's type andvascular 
dementia. Psychiatry Clin Neurosci 1998, 52:87-91. 

4. Wimo A, Winblad B, Jonsson L: An estimate of the total worldwide 
societal costs of dementia in 2005. Alzheimers Dement 2007, 3:81-91. 

5. Reisberg B: Behavioral intervention approaches to the treatment and 
management of Alzheimer's disease: a research agenda. Int Psychogeriatr 
1996, 8(Suppl 1)38-44 

6. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, 
Gornbein J: The Neuropsychiatric Inventory: comprehensive assessment 
of psychopathology in dementia. Neurology 1994, 44:2308-2314. 

7. Pan W, Ohashi K, Yamamoto Y, Kwak S: Power-law temporal 
autocorrelation of activity reflects severity of parkinsonism. Mov Disord 
2007, 22:1308-1313. 

8. Pan W, tiu Y, Fang Z, Zhu X, Pan W, Kwak S, Yamamoto Y: A compound 
belonging to traditional Chinese medicine improves nocturnal activity in 
Parkinson's disease. Sleep Med 201 1, 12:307-308. 



Pan et al. Translational Neurodegeneration 2013, 2:9 
http://www.translationalneurodegeneration.eom/content/2/1/9 



Page 7 of 7 



9. Pan W, Soma R, Kwak S, Yamamoto Y: Improvement of motor functions by 
noisy vestibular stimulation in central neurodegenerative disorders. 

J Neurol 2008, 255:1657-1661. 

10. Hurelbrink CB, Lewis SJ, Barker RA: The use of the Actiwatch-Neurologica 
system to objectively assess the involuntary movements and sleep-wake 
activity in patients with mild-moderate Huntington's disease. 

J Neurol 2005, 52:642-7. 

1 1. Singer C, Tractenberg RE, Kaye J, Schafer K, Gamst A, Grundman M, Thomas 
R, Thai LJ: A multicenter, placebo-controlled trial of melatonin for sleep 
disturbance in Alzheimer's disease. Sleep 2003, 26:893-901. 

1 2. Hu K, Van Someren EJ, Shea SA, Scheer FA: Reduction of scale invariance 
of activity fluctuations with aging and Alzheimer's disease: Involvement 
of the circadian pacemaker. Proc Natl Acad Sci USA 2009, 106:2490-4. 

1 3. Vinzio S, Ruellan A, Perrin AE, Schlienger JL, Goichot B: Actigraphic 
assessment of the circadian rest-activity rhythm in elderly patients 
hospitalized in an acute care unit. Psychiatry Clin Neurosci 2003, 57:53-58. 

14. Sakurai N, Sasaki M: An activity monitor study on the sleep-wake rhythm 
of healthy aged people residing in their homes. Psychiatry Clin Neurosci 
1998, 52:253-255. 

1 5. Shirota A, Tamaki M, Hayashi M, Hori T Effects of daytime activity on 
nocturnal sleep in the elderly. Psychiatry Clin Neurosci 2000, 54:309-310. 

16. Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC, Garcia JH, 
Amaducci L, Orgogozo JM, Brun A, Hofman A, et ah Vascular dementia: 
diagnostic criteria for research studies. Report of the NINDS-AIREN 
International Workshop. Neurology 1 993, 43:250-260. 

1 7. Struzik ZR, Hayano J, Sakata S, Kwak S, Yamamoto Y: 1/f scaling in heart 
rate requires antagonistic autonomic control. Phys Rev E Stat Nonlin Soft 
Matter Phys 2004, 70(5 Pt 1):050901. 

18. Ohashi K, Nunes Amaral LA, Natelson BH, Yamamoto Y: Asymmetrical 
singularities in real-world signals. Phys Rev E Stat Nonlin Soft Matter Phys 
2003, 68(6 Pt 2):065204. 

19. Tuisku K, Holi MM, Wahlbeck K, Ahlgren AJ, Lauerma H: Quantitative rest 
activity in ambulatory monitoring as a physiological marker of restless 
legs syndrome: a controlled study. Mov Disord 2003, 18:442-448. 

20. Van Someren EJ, Pticek MD, Speelman JD, Schuurman PR, Esselink R, Swaab 
DF: New actigraph for long-term tremor recording. Mov Disord 2006, 
21:1136-1143. 

21. Nakamura T, Kiyono K, Yoshiuchi K, Nakahara R, Struzik ZR, Yamamoto Y: 
Universal scaling law in human behavioral organization. Phys Rev Lett 
2007, 99:138103. 

22. Pan W, Kwak S, Liu Y, Sun Y, Fang Z, Qin B, Yamamoto Y: Traditional 
Chinese medicine improves activities of daily living in Parkinson's 
Disease. Parkinsons Dis 201 1, 201 1:789506. 

23. Sun Y, Wu C, Wang J, Pan W: Quantitative evaluation of movement 
disorders by specified analysis according to actigraphy records. IntJ 
Integr Med 201 3, 1:8 doi:l 0.5772/56338. 

24. Honma H, Kohsaka M, Suzuki I, Fukuda N, Kobayashi R, Sakakibara S, 
Matubara S, Koyama T: Motor activity rhythm in dementia with delirium. 
Psychiatry Clin Neurosci 1998, 52:196-198. 

25. Tractenberg RE, Singer CM, Cummings JL, Thai U: The Sleep Disorders 
Inventory: an instrument for studies of sleep disturbance in persons with 
Alzheimer's disease. J Sleep Res 2003, 12:331-337. 



doi:l 0.1 186/2047-9158-2-9 

Cite this article as: Pan et al: Quantitative evaluation of severity of 
behavioral and psychological symptoms of dementia in patients with 
vascular dementia. Translational Neurodegeneration 2013 2:9. 



f \ 

Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f \ n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit B,onne «« central 



